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Abstract: In order to understand the effects of thinning on microsite conditions and natural regeneration in the larch plantation, thinning 
experiment was conducted in a 40-year-old Larix olgensis plantation in Qingyuan County in eastern Liaoning Province. China in 2003-2004. 
Five thinning treatments (0%, 10.2%, 19.8%, 29.7% and 40.3% thinned) were designed on the same site. After thinning, canopy openness 
and the microsite conditions such as photosynthetic photon flux density (PPFD), soil moisture content, and soil temperature were measured 
in one growing season. Meanwhile, the investigation of natural regeneration was conducted at the end of the growing season. The results 
showed that the canopy openness increased with the increase of thinning intensities. PPFD and soil temperature and soil moisture content in 
different soil layers were positively relative with canopy openness after thinning. The richness of regenerating tree species did not signifi¬ 
cantly increase (p= 0.30) after one growing season since thinning, but the regeneration density and frequency of tree species increased sig¬ 
nificantly (p< 0.05). In addition, the number of regenerating tree species increased, and the increment was correlated with the characteristics 
of individual tree species. The increasing percentage of regenerating seedlings of the shade-intolerant tree species was more than that of 
shade-tolerant tree species. Among the investigated regeneration species, the biggest response of seedling emergency to the canopy openness 
was Phellodendron amurense. This paper confirmed the following conclusions: after thinning, the variety of regenerating tree species was 
correlative with the characteristics of regenerating tree species, and the distribution of unthinned trees and the site conditions in the investi¬ 
gated larch plantation were the additional factors influencing the regeneration. 
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Introduction 

It is well known that a plantation has higher productivity, but it 
also has many problems such as simple structure, unstable com¬ 
munity, and vulnerable to plant diseases and insect pest. Further, 
these problems may lead to a decline of land capability of the 
plantation. Additionally, ecological functions of the plantations 
are not as good as the natural forests. Therefore, many countries 
have asserted actively to carry out “nature-approximating for¬ 
estry” (Franklin and Spies 1985; Bauer 1990), which practiced 
natural regeneration. Moreover, the natural regeneration has 
lower cost, only accounting for one fourth of that of artificial 
regeneration, i.e., the natural regeneration is a good management 
way with low cost and high productivity (Jia and Yang 2002). 
The natural regeneration of forests, therefore, has fitted modern 
sustainable management of forests and biodiversity protection 
(Dong 2001; Martins et al. 2002). Thinning, as one of the man¬ 
agement measures, can affect many aspects of the natural regen¬ 
eration of forests, such as reducing forest canopy density, in¬ 
creasing the light availability, changing temperature and moisture 
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content of soil, and influencing the quantity and quality of litter 
(Zhu et al. 2003b). Up to now, the study of effects of thinning on 
natural regeneration of forests has been widely conducted 
(Marilou and Messier 2002), and many studies focused on the 
effects of different thinning intensities on environmental factors, 
which would affect the survival, establishment and growth of 
seedlings (David 2002; Sophie 2003; Zhu et al. 2003b; Simard et 
al. 2004). Generally, thinning can create canopy openness or 
gaps, which are critical in the community dynamic of many for¬ 
est types (Stokes et al. 1995; Gray and Spies 1996; Gobbi and 
Schlichter 1998). In a mature forest stand, strictly describing, 
when trees are cut, gaps with different sizes can be created, thus, 
many canopy gaps are present in thinned forests. However, due 
to the heterogeneous distribution of canopy gaps, the light avail¬ 
ability to the forest ground has a large spatial variation within a 
plantation (Mizunaga 2000). Many studies discussed the effects 
of only one gap on the light availability, although the light avail¬ 
ability to a seedling growth was not only affected by only one 
gap (Mizunaga 2000). Additionally, the reported researches on 
evaluating the effects of thinning on natural regeneration also 
mainly focused on the way of one gap on the microsite condi¬ 
tions (Clinton 2003; Gagnon et al. 2003; Schumann et al. 2003), 
few studies have been done on integrating effects of many gaps 
on the microsite conditions and the natural regeneration (Mi¬ 
zunaga 2000). 

Larch plantations are the main forest types in northeastern 
China, e.g.. they covered more than 2.0 x 10 6 hm : in the moun¬ 
tainous regions of eastern Liaoning Province, and most of them 
are around 40 years old. These larch plantations can provide not 
only timber production, but ecological service functions (water 
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conversation) as well (Hao and Wang 1998). Therefore, it is im¬ 
portant and necessary to improve the timber productivity and 
conserve the ecological functions of these plantations. According 
to the theory of “nature-approximating forestry”, the best way to 
sustain the productivity and ecological functions of larch planta¬ 
tions is to develop these larch plantations into natural forests 
through natural regeneration. Thinning, as one of the most im¬ 
portant management techniques for plantations, is undoubtedly 
indispensable method for improving natural regeneration (Jiang 
et al. 1994; Palik and Pederson 1996; Krauchi et al. 2000; Zhu et 
al. 2003b). It is necessary to understand the relationships be¬ 
tween thinning (canopy openness) and natural regeneration. The 
objectives of this study are as follows: first to quantify the size of 
canopy openness of different thinning intensities in larch planta¬ 
tions; then to confirm the relationships between canopy openness 
and photosynthetic photon flux density (PPFD), temperature and 
water content of soil; at last, to analyze the effects of canopy 
openness created by thinning on the regeneration and the re¬ 
sponse of regenerating tree species to the thinning within one 
growth season in the larch plantation. 

Methods 

Study site 

The study was conducted in a larch plantation in Qingyuan 
Experimental Forest of Institute of Applied Ecology, Chinese 
Academy of Sciences, which located in Qingyuan County in 
eastern Liaoning Province (Fig. 1). The larch plantation was 
composed of Larix olgensis, even-aged (40 years old), with a 
planting density of 1 800 stems ■ hm 2 . The area of experimental 
plantation is 6.4 hm 2 , with a gentle slope (around 15°) toward 
south, and soil type is a typical dark brown forest soil, with a 
thickness of 60 to 80 cm. The larch plantation is surrounded by 
natural secondary forests, which are mainly composed of Quer- 
cus mongolica. Pirns koraensis (plantation), Betula spp., Acer 
spp., Tilia spp., Fraxinus spp., and Juglans mandishurica. The 
climatic conditions are characterized by warmer summer and 
colder winter. Aannual mean temperature is 3.9-5.4°C. The 
coldest month is January and the warmest month is July. Annual 
mean precipitation is 700-1 200 mm and rainfall occurs from 
June to August, the frost-free period lasts 150 days, and the 
growing season of vegetation is from April to September. 



Fig. 1 Location of the experimental site (Qingyuan County, Liaoning 
Province, China. N41°51.102', E124°54.543'). 


Experimental design and treatments 

The experiment included five thinning levels applied on the 
same site, which was divided into five almost equivalent treat¬ 
ment plots. The thinned stems and rates were determined by stem 
number and thinning pattern. From east to west, those plots were 
referred to: treatment A: an unthinned, 0.0%, treatment B: dead 
and DBHclOcm trees were cut away, 10.2% thinned; treatment 
C: dead and DBH<15 cm trees were cut away, 19.8% thinned; 
treatment D: dead and DBH<18 cm trees were cut away, 29.7% 
thinned; and treatment E: all dead and DBH<20 cm trees were 
cut away, 40.3% thinned. There was a buffer zone around each 
treatment plot. The effective area of each treatment reached 40 m 
x 40 m. Prior to thinning, in November, 2003, all trees located 
inside the measurement plots were identified with numbered tags, 
and the diameter at breast height (DBH) were measured. Trees 
were selected and marked for thinning, and all plots were thinned 
during 7th to 15th of May, 2004. Trees were cut near the root 
collar using chainsaws; after thinning, all the slashed wood was 
logged by mule-car. In each plot, five fixed points were selected 
to measure the microsite conditions (Fig. 2). 



Fig. 2 Experimental layout of plot. 

The solid points in the figure indicated the locations for observation of 
microsite conditions 

Measurement of canopy openness 

In order to estimate the canopy openness (Zhu et al. 2003a), 
before (on 6th of May, 2004) and after thinning (in different 
seasons, such as on 16th of May, 31st of August and 2nd of No¬ 
vember, 2004), the silhouettes of hemispherical photographs 
were taken at five points using a 180° fisheye lens (Nikon, 
FC-E8, f=8-24 mm) mounted on a Nikon digital camera (Nikon, 
Coolpix 910, Japan, f=7-21 mm) in each plot. The camera was 
placed on a tripod at a height of 1.0 m above ground and orien¬ 
tated northerly; all photographs were taken on cloudy days or at 
dawn and dusk. Canopy openness was analyzed according to the 
process developed by Steege (1994) using CanopOn Program 
(Verl.09, Takenaka’s Web) and Zhu et al. (2003a) from the 
hemispherical images. 

Measurement of microsite conditions 

Light measurement 

On clear days, photosynthetic photon flux density (PPFD) in 
the waveband of 400-700 nm was measured directly at the five 
points within each plot with Basic Quantum Meter (QMSW-SS, 
USA). The Basic Quantum Meter was logged as quickly as pos¬ 
sible 20 data intervals for one hour over a period of 10 h (from 
8:00 a.m. to 5:00 p.m., GMT+008) for 5 days (Mizunaga 2000), 
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which included July 26th, August 17th. September 2nd, Septem¬ 
ber 14th, and September 23rd, in each plot. The sensor of Basic 
Quantum Meter was leveled at a height of 1.0 m above the 
ground for each reading using a bubble level located on the un¬ 
derside of the sensor wand. Total measured values of the ten 
hours were summed up to show the relative PPFD values of the 
day. It was important that the sensor recording incident PPFD 
was logged side by side of each plot. In addition, in order to 
understand the difference between inside forest and outside for¬ 
est, a reference measurement was taken in an open area and used 
to determine the percentage of PPFD of the treatment plots to 
open area (McLaren and McDonald 2003). 

Soil temperature measurement 

At the five points in each plot, soil temperature was measured 
with a soil surface thermometer (Tianjin, China), which were set 
on soil surface every half month from July 15th to November 
15th, soil temperature was recoded intervals for one hour over a 
period of 10 h (from 8:00 a. m. to 5:00 p. m.) during the clear 
days. 

Soil moisture content 

Soil moisture contents in layers of 0-10 cm, 20-30 cm and 
40-50 cm were measured in each plot. After scarifying the litters, 
soil samples were collected every half month from July 15th to 
December 15th. Three cores (can volume 100 mL) at each layer 
were taken for all of the treatments. The measurement of soil 
samples was referred to the method established by Nanjing In¬ 
stitute of Soil Science, CAS (1978). 

Census of seedling regeneration 

Each plot was divided into 2 mx2 m subplots, and total four 
hundred subplots were set up in each plot for observing the 
emergence and growth of regeneration seedlings. In each subplot, 
the regeneration seedlings were investigated twice (May and 
September) after thinning. The seedling species, number, height 
and base stem diameter of regenerating trees were recorded dur¬ 
ing the investigation. 

Statistic analysis 

Due to the heterogeneity of gap distribution after thinning, the 
average values of environmental factors (such as gap openness, 
PPFD and soil temperature) of the five points in each plot were 
used in the analysis of the effects of thinning on the microsite 
conditions of the larch plantation. Species richness was com¬ 
puted by the Magalef index (Zhang 2004). Regression analysis 
was applied to test the relationships between canopy openness or 
thinned intensities and species richness of regenerated seedlings, 
seedling density and frequency. In addition, analysis of variation 
(ANOVA) was used to determine the significance of effects of 
canopy openness or thinning treatment on PPFD, soil tempera¬ 
ture and moisture content by software of SPASS 11.50. 

Results 

Canopy openness of stands at different thinning intensities 

Canopy openness at 1.0 m above the ground of each thinned 
treatment plot in different periods was shown in Fig. 3. Before 
thinning (May 6th, 2004), the canopy openness varied from 
15.26% to 15.96% in the five thinned plots, which meant that 
canopy openness was not significantly different (/;>().05) in the 


experimental larch plantation. However, soon after thinning 
(May 16th), it was obviously that canopy openness increased 
with the increasing of thinning intensities (Fig. 3). The canopy 
openness in treatments A, B, C, D, and E was 0%, 0.43%, 1.35%, 
2.71%, and 4.45%, respectively, and the difference was signifi¬ 
cant </x0 05). In each plot, canopy openness measured in No¬ 
vember was larger than those measured in August and in May 
because of needle falling in November (Fig. 3). Canopy open¬ 
ness measured in May and August after thinning was the largest 
in treatment E, i.e., the most intensely thinned treatment. How¬ 
ever, the largest canopy openness value measured in November 
did not occur in treatment E. This result may be explained by the 
presence of remaining individuals, the height of surrounding 
forest canopy, and the topography (Martins and Rodigues 2002; 
Marilou and Messier 2002). 



Fig. 3 Canopy openness at different seasons in measurement plots 

Bars represent standard errors (n=5); A: an unthinned, 0.0%; B: 10.2% 
thinned; C: 19.8% thinned; D: 29.7% thinned; and E: 40.3% thinned 


Microsite conditions 

Light 

The quantity of light reached the forest floor was correlative 
with the size of canopy openness (Kobayashi et al. 2000; Myers 
et al. 2000; Zhu et al. 2002). At these measured plots, light en¬ 
vironment of different thinning treatments exhibited the same 
tendency, i.e. with the increase of canopy openness from treat¬ 
ment A to E, PPFD also increased (Fig. 4), in which the differ¬ 
ence was significant (p< 0.005). The percentage of PPFD of the 
treatment plots to open area were shown in Fig. 5, and from 
treatment A to treatment E, the PPFD percentage gradually in¬ 
creased. In different periods, light availability in forest under¬ 
story was different (p=0.028), which was relative with weather 
condition and canopy openness; furthermore, the difference of 
light availability increased with canopy openness increasing (Fig. 
4). 



Fig. 4 PPFD at different dates in various plots. 

Bars represent standard errors (n=5); A: an unlhinned, 0.0%; B: 1Q.2% 
thinned; C: 19.8% thinned; D: 29 . 7 % thinned; and E; 40.3% thinned. 
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Treatments 


tegmentosum. Of these species, the largest difference of regener¬ 
ated seedling number between the two investigations in May and 
September was P. amurense (shade-intolant), e.g., in treatment B, 
it increased from 0 to 62 individuals, in treatment C, D, and E, it 
increased 17.22 times, 17.08 times, and 16.75 times, respectively 
(Table 2). However, number of regenerated seedling of toler¬ 
ant-shade tree species such as A. mono, U. laciniata, U. japonica, 
M. amurensis, S. pohuashanensis, and P. koraiensis, in addition, 
and pioneer tree species of succession including P. davidiana and 
Betula costata, changed a little. 


Fig. 5 Ratios of PPFD inside the thinned plots to that in the open 
area on 17th, August, 2004 

A: an unthinned, 0.0%; B: 10.2% thinned; C: 19.8% thinned; D: 29.7% 
thinned; and E: 40.3% thinned. 

Soil temperature 

Soil surface temperature increased with the increment of can¬ 
opy openness, but the increasing extent was various in different 
periods, which became bigger with the increase of canopy open¬ 
ness (Fig. 6). Soil surface temperature got to the largest values in 
mid-August (Aug. 18th) for all thinned plots, and the differences 
of the largest values were greater among the thinned treatments. 



Fig. 6 Soil surface temperature of different periods in each plot. 

Bars represent standard errors (n=5); A: an unthinned. 0.0%; B: 10.2% 
thinned; C: 19.8% thinned; D: 29.7% thinned; and E: 40.3% thinned. 


Soil moisture content 

The average of soil moisture content at the three layers was 
correlated with the thinning intensities (canopy openness) posi¬ 
tively, i.e. the highest soil moisture content appeared in treatment 
E, and the lowest in treatment A (Fig. 7). 


Seedling natural regeneration 

Seedling emergency had significantly difference between 
various thinning treatments (Table 1), but the difference mainly 
appeared in seedling number not in seedling species. The species 
of regenerating seedling mainly included Comus controversa, 
Benda costata , Pinus koraiensis, Juglans mandshurica, Sorbus 
pohuashanensis, Phellodendron amurense, Ulmus laciniata,, 
Quercus mongolica, Acer mono, Acer tegmentosum, Acer 
pseudo-sieboldianum, Maackia amurensis Populus davidiana, 
Fraxinus rhynchophylla, Ulmus japonica, and Tilia amurensis. 
This result indicated that the response of seedling emergency to 
canopy openness was obviously different among those tree spe¬ 
cies, which were mainly determined by the characteristics of tree 
species. Number of regenerating seedling of the intolerant-shade 
tree species increased in each plot (Table 2), which included P. 
amurense, J. mandshurica, C. controversa, F. rhynchophylla, Q. 
mongolica, F. rhynchophylla, A. pseudo-sieboldianum, and A. 
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Fig. 7 Soil moisture content of different layers at each plot in various 
periods. 

Bars represent standard errors (n=3), I: 0-10cm; II: 20-30cm; 
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ferent treatments (p=0.30) during the first growing season after 
gap formation by thinning, but the increases of seedling density 
(p<0.01) and frequency (p< 0.05) were significant (Table 1). 
Moreover, the difference of regenerated seedling number be¬ 
tween the two investigations in May and September increased 
with the increase of canopy openness (Table. 2). The linear rela¬ 
tionship was established between the increasing percentage of 
regenerating seedling in the two investigations and canopy open¬ 
ness (/?=0.8465, p< 0.05) (Fig. 8). In treatment A (0% thinned), 
seedling number almost had not changed during the observation, 
however, in treatment E (40% thinned), the increasing percent¬ 
age of seedling was the biggest (Fig. 9) because the canopy 
openness was the biggest. The increasing percentage of seedling 
density was similar to seedling number, but the increasing per¬ 
centage of seedling frequency was not related to the increase of 
canopy openness. 



A B C D E 
Treatments 


Fig.8 The increasing percentage of seedling natural regeneration in 
different plots between the two investigations in May and September. 

y: the increasing percentage; x: canopy openness; R 2 : coefficient of de¬ 
termination. 


Table 2. Individuals of seedling regeneration for different tree species in different plots 


Tree species 

A 

B 

C 

D 

1 

1 

May 

Sep. 

May 

Sep. 

May 

Sep. 

May 

Sep. 

May 

Sep. 

U. japonica 

23 

25 

- 

- 

- 

- 

- 

- 

15 

21 

C. controversa 

29 

33 

33 

41 

40 

62 

2 

5 

47 

95 

B. costata 

4 

4 

- 

- 

1 

1 

14 

14 

- 

- 

P. koraiensis 

9 

9 

1 

1 

78 

78 

6 

6 

40 

39 

J. mandshurica 

19 

27 

9 

39 

10 

26 

36 

49 

21 

33 

S. pohuashanensis 

9 

9 

1 

1 

19 

19 

2 

2 

19 

19 

F. rhynchophylla 

4172 

4189 

6 

13 

495 

589 

106 

126 

134 

168 

M. amurensis 

38 

36 

1 

1 

37 

56 

- 

- 

14 

16 

P. amurense 

18 

18 

0 

62 

10 

186 

13 

227 

10 

181 

A. pseudo-sieboldianum 

29 

25 

18 

22 

148 

178 

47 

50 

34 

39 

P. davidiana 

21 

21 

54 

58 

121 

184 

5 

5 

49 

77 

Q. mongolica 

104 

113 

16 

19 

16 

28 

50 

77 

23 

27 

A. tegmentosum 

19 

19 

20 

22 

39 

45 

24 

27 

59 

43 

A. mono 

285 

307 

230 

233 

11 

17 

518 

475 

41 

49 

F. rhynchophylla 

55 

55 

21 

28 

26 

32 

8 

8 

21 

23 

T. amurensis 

4 

4 

- 

- 

102 

116 

5 

5 

- 

- 

P. davidiana 

13 

13 

_ 

_ 



6 

8 




Note: A: an unthinned, 0.0%; B: 10.2% thinned; C: 19.8% thinned; D: 29.7% thinned; and E: 40.3% thinned. 



Tree species of regeneration 


Fig. 9 The increasing percentage of seedling numbers for different tree species in various plots between the two investigations in May and Sep¬ 
tember 
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Discussion and conclusions 

Effects of canopy openness created by thinning on microsite 
conditions 

The amount of light reached to the forest floor was directly 
related to the size of the canopy openness (Meer et al. 1999). The 
canopy of unthinned stand allowed little sunlight to pass through, 
but the canopy of thinned stand allowed more amount of light 
reach the forest floor (Zhu et al. 2003b). Consequently, the mi¬ 
cro-environment in large canopy openness was brighter than that 
in small canopy openness, which would be critical for the seed¬ 
ling emergence, establishment and growth (Ogasawara 1988). In 
addition, light intensity of forest understory was determined in 
large part by seasonal and diurnal variations of the sun, weather, 
topographic position, and forest canopy structure (Rich et al. 
1993; Mitchell 2000). 

Temperature was the necessary and important factor for plant 
growth and regeneration (Zhang et al. 2002). The decrease of 
canopy openness would make light availability increase; accord¬ 
ingly, soil temperature would vary and generally increase with 
increase of thinning intensity (Hu and Zhu 1999). Soil moisture 
condition varied greatly according to the canopy openness 
(Ochiai et al. 1994). In this experiment, the soil moisture content 
was the highest in the plot with the most intensely thinned 
(treatment E), which might be explained by the reduction of 
evaporation and diffusion (Breda et al. 1995; Dong et al. 1997). 
Furthermore, thinning reduced canopy water interception and 
positively influenced through fall (Aussenac and Granier 1987), 
while soil moisture content was correlative with canopy density 
of forest, soil temperature, rainfall, and other factors of soil and 
topography (Hu et al. 1999). Additionally, the moisture content 
in the top soil (0-10 cm), where seedling root systems were 
mainly distributed, might be the most significant for seedling 
survival and growth (Ochiai et al. 1994). Observations from this 
study showed that the moisture content of the top soil was much 
higher in thinned plots than in the unthinned plot. 

Effects of canopy openness created by thinning on natural 
regeneration 

Regeneration in forest was controlled by both above and un¬ 
der-ground environmental factors, of which, light availability 
above ground and soil moisture content under ground played 
important roles (Wang et al. 1998). Thinning created canopy 
openness (gap), which increased light level (Sophie 2003). Can¬ 
opy openness can be known as the main factor affecting the re¬ 
generation of seedling. After thinning, the environment factors 
such as light, moisture, heat, physical and chemical characteris¬ 
tics of soil, and the coverage of vegetation would be changed, 
which increased the number, density and frequency of seedlings 
(Table. 1). These results supported the findings of other re¬ 
searches that the more seedling density and number in thinned 
treatment plots were likely to be the combined consequence of 
increased light availability (Gerhardt 1996; Laurent et al.; 2003 
Zhu et al. 2003b). In this investigation, seedling density or num¬ 
ber and frequency were increased after thinning, but no new tree 
species of regeneration, except in treatment B where only found 
the P. amurense increased, were observed after thinning (Tables 
1,2). The characteristics of tree species was considered as one of 
the most important factors influencing the distribution of regen¬ 
erated seedlings because light availability was favorable to the 
seedling emergency of intolerant-shade tree species but not fa¬ 
vorable to the regeneration of intolerant-shade tree species (Dong 


and Wang 2003). In this study, seedling number of many intol¬ 
erant-shade tree species such as P. amurense , J. mandshurica , Q. 
mongolica increased, but tolerant-shade tree species did not or 
rarely increased. On the other hand, the site conditions and the 
distribution of remaining trees were likely to contribute to those 
consequences because there were more differences in seedling 
number before those treatment plots were thinned. In the inves¬ 
tigated site, soil moisture was relatively humidity and soil nutri¬ 
ent was good (Lei and Zhou 1993), moreover, many intoler¬ 
ant-shade seed-trees surrounding the experimental site, which 
could supply enough seeds. Therefore, the increasing percentage 
of regenerating seedlings of the shade-intolerant tree species was 
more than that of shade-tolerant tree species. 
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